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[57] ABSTRACT 
A system for elaborating, on board an aircraft, an alarm 
signal in the event of a mini-tornado, whereby 
an alarm threshold (a+o.w) for mini-tornado is de?ned 
which is a function of the present incidence (a) of the 
aircraft, incremented or decremented by incidence 
equivalents (aw) corresponding to present and past 
winds and to present and past wind variations; and 

the mini-tornado alarm is triggered off when the com 
pensated present incidence (a+aw) exceeds a critical 
threshold, taking the aircraft con?guration into ac 
count. 

10 Claims, 5 Drawing Sheets 
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SYSTEM FOR ELABORATING AN ALARM 
SIGNAL ON BOARD AN AIRCRAFT IN THE 

EVENT OF A MINI-TORNADO 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a system for elaborat 

ing, on board an aircraft, an alarm signal in the event of 
a mini-tornado. 

2. Background Art 
“Mini-tornado” is understood to mean the meteoro 

logical disturbances commonly designated in aeronau 
tics by the English words “windshear”, “downburst” or 
“microburst”. 
Such mini-tornados are essentially constituted by 

violent descending eddying airstreams whose speed 
may be greater than 10 m/s and which present horizon 
tal velocity components. 
Although there is little probability that an aircraft 

will encounter such a mini-tornado during take-off or 
landing, nonetheless the danger exists that an aircraft 
pancakes on the ground by a mini-tornado during these 
?ight phases, during which its safety margin is rela 
tively sensitive. During the last twenty years, it is esti 
mated that mini-tornados have been responsible for 
about thirty take-off and landing accidents, having 
caused more than 600 deaths. 
The meteorological phenomenon of mini-tomados is 

of course detectable from the ground and it has already 
been thought to equip aerodromes with appropriate 
detectors, but experience has unfortunately proved that 
the detection of the mini-tornados on the ground, even 
with complex means, could not, at the present time, 
give an alarm in a sufficiently short time on board an 
aircraft to avoid all danger. 

It has also already been thought to provide on board 
aircraft systems for detecting mini-tornados capable of 
delivering an alarm signal when the force thereof ex 
ceeds a predetermined threshold. 
As will be seen hereinafter, the vertical and horizon 

tal velocity components of airstreams are easy to calcu 
late at all points of a mini-tornado, from the inertial, 
anemometric and incidence information delivered by 
the specialized equipment embarked on board modern 
aircraft. In the known systems mentioned above, said 
vertical and horizontal velocity components are thus 
exploited. However, this results in numerous untimely 
alarms. In fact, these known systems cannot take into 
account the energy of the aircraft, due essentially to the 
speed thereof, at the moment of measuring said velocity 
components of the air streams. Consequently, whether 
the aircraft moves slowly or quickly, the known alarm 
systems are triggered off for the same values of said 
components. Now, even when the triggering-0H values 
of these components are exceeded, this may result in no 
danger for the aircraft if the latter has acquired a high 
energy. 

BROAD DESCRIPTION OF THE INVENTION 

It is an object of the present invention to overcome 
this drawback of the known detection systems. It relates 
to a system presenting a very high sensitivity of trigger 
ing off an alarm, but avoiding untimely alarms. 
To that end, according to the invention, the system 

for elaborating on board an aircraft an alarm signal in 
the event of a mini-tornado, comprising a computer 
device allowing signals to be obtained representative of 
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2 
the velocities of the horizontal wind and of the vertical 
wind, to which said aircraft is subjected, from the infor 
mation on velocities, trim and incidence delivered by” 
-the on-board equipment of said aircraft, is noteworthy 
in that it comprises: 

derivation means for calculating the derivative of the 
signal representative of said velocity of the hori 
zontal wind with respect to time; 

?rst means for forming a ?rst signal representative of 
the positive values of said derivative; 

second means for forming a signal representative of 
the negative values of said derivative; 

?rst summation means delivering a third signal ob 
tained by the addition of said signal representative 
of said velocity of the vertical wind and said ?rst 
and second signals and by the subtraction of said 
signal representative of the mean velocity of the 
horizontal wind during a period prior to that of the 
operations effected by said system; 

second summation means for forming the sum of said 
incidence information and of said third signal; 

means for comparing said sum and a predetermined 
threshold of incidence guaranteeing a minimum 
safety energy of the aircraft; and 

alarm means capable of emitting an alarm signal when 
said sum is greater than said predetermined thresh 
old of incidence. 

In this way, according to the invention, the horizon 
tal velocity and vertical velocity components of the 
airstreams of a mini-tornado are taken into account by 
determining the velocity of the horizontal wind and the 
velocity of the vertical wind, respectively, in order, as 
will be explained in greater detail hereinafter, to deter 
mine a compensation incidence (said third signal), 
which, added to the present measurement of incidence, 
is compared with an alarm threshold. Thanks to the 
invention, it is therefore possible to take advantage of 
the ?xed relation linking, for a determined aircraft in a 
determined configuration, the coefficient of lift and the 
incidence. This relation makes it possible to determine 
the angle of stall of this aircraft, angle of stall to which 
is attached a stalling speed. The present invention is 
based on the following observations: 

a considerable increase in the head wind is a precur 
sor sign of a mini-tornado; 

when an aircraft encounters a mini-tornado, the effect 
of the latter is firstly carrying, before becoming 
offsetting; 

the variations in incidence, both positive and nega 
tive, imposed by a mini-tornado on an aircraft de 
pend directly on the variations of the horizontal 
and vertical velocity components of the airstreams 
of the mini-tornado, with the result that the varia 
tions of these components are representative of 
variations in incidence and are therefore equiva 
lents of incidence; 

said vertical velocity component is constantly di 
rected downwardly and therefore constantly has 
an offsetting effect, with the result that its effect 
may be perceived thanks to its amplitude alone; 

said horizontal velocity component, on the contrary, 
corresponds firstly to a head wind, then to a tail 
wind, these winds passing through extremes. To 
study its effect, it is therefore necessary to perceive 
both its amplitude and its sign, which is effected in 
the system according to the invention by means of 
the derivative. It should be noted that this deriva 
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tive, as a function of the foregoing, therefore corre 
sponds to a gradient of incidence. This gradient of 
incidence is carrying when said derivative is posi 
tive and offsetting when said derivative is negative. 

It is therefore seen that, according to the invention, 
said third signal is an incidence compensation signal 
composed of the sum of an equivalent of incidence (the 
?rst signal) due to a carrier gradient of said horizontal 
component, of an equivalent incidence (the second sig 
nal) due to an off-setting gradient of said horizontal 
component, and of an equivalent of incidence due to 
said vertical component, sum from which is subtracted 
an equivalent of incidence corresponding to the head 
wind which reached the aircraft before the measure 
ment. In fact, the horizontal wind calculated by said 
computer device must, in order to signify the existence 
of a mini-tornado, be freed of the mean head wind, 
which must therefore be subtracted from the incidence 
compensation signal, with a view to avoiding untimely 
alarms. In order that this-correction by elimination of 
the mean head wind be as precise as possible, the system 
according to the present invention preferably comprises 
means for delivering to said ?rst summation means the 
mean value over several tens of seconds of the velocity 
of said horizontal wind. 
Moreover, as a safety precaution, said system com 

prises limitation means making it possible to subtract 
from said third signal said mean value of the velocity of 
the horizontal wind only when the absolute value 
thereof is less than said mean value of the positive val 
ues of said derivative. 

Furthermore, in order to render sensitive the trigger 
ing off of the alarm for a momentary variation of said 
horizontal component, it is preferably provided that 
said ?rst signal delivered by said ?rst means corre 
sponds to the mean value over several seconds of the 
positive values of said derivative, said mean being estab 
lished with a time constant less than that of its cancella 
tion. 

In order to avoid untimely operations of the system 
according to the invention during ?ight phases where 
this would be undesirable, said system comprises, be» 
tween said computer device on the one hand, and said 
derivation means, said ?rst and second means and said 
?rst summation means on the other hand, controlled 
interruption means, open when said aircraft is not in 
take-off or landing phase. For compensation in inci 
dence brought by the system of the invention to depend 
on the urgency of the danger to the aircraft due to the 
mini-tornado, an ampli?er, whose gain is variable as a 
function of the altitude of the aircraft, may be disposed 
between said ?rst and second summation means. 

Moreover, in order to know the magnitude of the 
compensation in incidence and possibly to use this infor 
mation during processing of the alarm signal, means 
may be provided for comparing said incidence informa 
tion and said third signal. 

Said predetermined incidence threshold preferably 
corresponds to a speed of the aircraft greater by at least 
10% than the stalling speed of the aircraft and the value 
of said predetermined incidence threshold depends on 
the con?guration of the mobile aerodynamic surfaces of 
the aircraft. 
For example, this threshold is equal to 1.1 times the 

stalling speed in the con?guration of take-off and to 1.2 
times said stalling speed in the con?guration of landing. 
Being given that an aircraft is more sensitive at landing 
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4 
than at take-off, the value of said threshold is chosen to 
be greater for landing than for take-off. 
The system according to the invention is advanta 

geously incorporated in a computer on board the air 
craft and its operation is sequential, with the result that 
the compensation incidence is continually adapted to 
the ?ight conditions present in the aircraft. 

It is thus seen that, according to the invention: 
an alarm threshold for mini-tornado is de?ned which 

is a function of the present incidence of the aircraft, 
incremented or decremented by incidence equiva 
lents corresponding to present and past winds and 
to present and past wind variations; and 

the mini-tornado alarm is triggered off when the 
present compensated ~incidence exceeds a critical 
threshold, taking the con?guration of the aircraft 
into account. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Figures of the accompanying drawings clearly 
show how the invention may be carried out. In these 
Figures, identical references designate like elements. 
FIG. 1 schematically shows a mini-tornado at differ 

ent stages of its development in the vicinity of the 
ground. 
FIGS. 2a, 2b and 2c schematically illustrate the verti 

cal and horizontal components of the velocity of the 
airstreams along the path of an aircraft passing through 
a mini-=tornado. 
FIGS. 3a. 3b and 3c show the charts of the speeds 

concerning an aircraft before and during passage 
through a mini-tornado. 
FIG. 4 is a block diagram of an embodiment of the 

system according to the present invention. 
FIG. 5 is a diagram illustrating the formation of the 

incidence compensation signal according to the present 
invention. 
FIG. 6 shows an example of variation of ampli?ca 

tion gain applied to the incidence compensation signal 
as a function of the altitude of the aircraft. 
FIG. 7 is a block diagram of an embodiment of the 

device for elaborating the alarm signal. 
FIG. 8 is a diagram illustrating the process of choice 

of the incidence thresholds. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 schematically shows, in ?ve stages S0 to S4 of 
its development, a mini-tornado 1, which the system 
according to the invention is intended to detect. In the 
diagram of FIG. 1, axes OX and OZ are respectively 
horizontal and vertical, axis OX being at the level of 
ground G. To render the drawing clearer, the ?ve 
stages of the development of the mini-tornado 1 have 
been shown spread along the horizontal axis OX, but it 
goes without saying that this drawing arrangement is 
arbitrary and might be different. On the other hand, on 
axes OX and OY, lines equidistant by 1 km have been 
indicated in order to give the scale of the phenomenon. 
Such a mini-tornado 1 is constituted by descending 
streams which, after the initial stage of formation SO, 
diverge, eddying towards the ground until they strike 
said latter. The hatched parts of these streams corre 
spond to speeds greater than 10 m/s. If T2 designates 
the instant at which stage S2 is produced, when the 
mini-tornado 1 attains the ground, stages S0 and S1 may 
correspond respectively to instants T2-5 nm and 

a 
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T2-2 mn, whilst stages S3 and S4 may correspond 
respectively to instants T2+5 mn and T2+ 10 run. 

It is thus seen that, especially at stages S2 and S3, an 
aircraft passing through a mini-tornado 1 risks violently 
pancalring on ground G. 
The diagrams of FIGS. 2a, 2b and .20 enable the ef 

fects of a mini-tornado 1 on an aircraft 2 whose path 3 
traverses said mini-tornado, to be more readily under 
stood. In these Figures, it is assumed that the aircraft 2 
moves from left to right. At any point A or B of the 
mini-tornado 1, the aircraft 2 is subjected by the latter to 
the action of air streams 4, 5 having a velocity W, 
whose direction is tangential to said airstreams 4 or 5 
passing through this point A or B, said velocity W being 
oriented towards the ground G, but inclined towards 
the outside of said mini-tornado 1 with respect to said 
ground. This inclination of the velocity W towards the 
outside of the mini-tornado 1 results from the divergent 
structure of the airstreams thereof. Consequently, if the 
speed W is decomposed into a horizontal component 
WX and a vertical component WZ, these components 
are constantly and respectively directed towards the 
outside of the mini-tornado and towards the ground. 

Therefore, when the aircraft 2 moves from outside 
the mini-tornado towards the centre C thereof, this 
results in the horizontal component WX behaving as 
head wind, whilst, when the aircraft 2 moves from the 
centre C of the mini-tornado towards the outside 
thereof, this horizontal component WX behaves as tail 
wind. Of course, in the centre C of the mini-tornado, the 
component WX is cancelled to allow reversal of direc 
tion. Moreover, between the periphery of the mini-tor 
nado 1 and the centre C thereof, the amplitude of the 
horizontal component WX is firstly increasing and then 
decreasing. Consequently, if the development of com 
ponent' WX with respect to aircraft 2 is shown ex 
tremely schematically, considering this component as 
beingpositive or negative, respectively when it corre 
sponds to a head wind and to a tail wind, a curve as 
designated by (K) in FIG. 2b is obtained. _ 
When the aircraft 2 penetrates the mini-tornado 1, 

(instant t1), the component WX, which it receives from 
the front, begins to increase (part K1 of curve (K)), 
then, from a certain penetration inside said tornado 
corresponding to a point 6 (instant t2), decreases al 
though remaining from the front (part K2 of curve (K)). 
When the aircraft 2 attains the vicinity of centre C of 
the mini-tornado 1 (instant t3), the amplitude of compo 
nent WX is cancelled. The aircraft moving from this 
centre C towards the outside of the mini-tornado 1, the 
component WX which has changed sign to become a 
tail wind, then takes an increasing negative amplitude 
(part K3 of the curve (K)). From a certain approach of 
the periphery of the mini-tornado 1 corresponding to a 
point 7 (instant t4), the negative amplitude of the com 
ponent WX, which still behaves as a tail wind, decreases 
(part K4 of curve (K)), until it becomes zero outside the 
mini-tornado 1 (instant t5). 

It is thus seen that the passage through the mini-tor 
nado 1 by the aircraft 2 may be divided into three zones 
(cf. FIG. 2b), viz: 

a zone (I), corresponding to part K1 of curve (K), in 
which the head wind increases, which generates a 
carrier effect; 

a zone (II), corresponding to parts K2 and K3 of 
curve (K), in which the head wind decreases, then 
becomes an increasing tail wind, which, in both 
cases, generates an offsetting effect; and ' 
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6 
a zone (III), corresponding to part K4 of the curve 

(K), in which the tail wind decreases, which gener 
ates a carrier effect. 

If, similarly to what has been schematically clone 
hereinabove for the horizontal component WX of ve 
locity W, the development of the vertical component 
WZ of this velocity along the path 3 of the aircraft 2 in 
the mini-tornado 1 is plotted, the curve (L) of FIG. 20 
is obtained. This curve (L) is composed of two end parts 
L1 and L2, corresponding respectively to the increase 
and to the decrease in the negative amplitude of WZ on 
the periphery of the mini-tornado, and of an intermedi 
ate part L3 which corresponds to the major part of the 
passage of the mini-tornado and in which the negative 
amplitude of WZ is substantially constant. 
The curve part L1, i.e. the increase of the negative 

amplitude of the component WZ, begins at an instant t6, 
delayed with respect to instant t1. Similarly, the curve 
part L2, i.e. the decrease in the negative amplitude of 
component WZ, terminates at an instant t9, prior to 
instant t5. t7 and t8 respectively designate the instants at 
which parts L1 and L3 and parts L3 and L2 join. 
For reasons of simpli?cation and schematization, 

parts K1 to K4 of curve (K) and parts L1 to L3 of curve 
(L) have, in FIGS. 2b and 2c, been shown in the form of 
segments of straight line. 
FIG. 3a shows the chart of the speeds, applied at the 

centre of gravity 8 of the aircraft 2 before encountering 
the tornado 1. In this FIG. 3a, the longitudinal axis 9 of 
the aircraft 2 is inclined from the trim 0 with respect to 
the line of horizon 10 (parallel to axis OX) and presents 
the incidence a with respect to the aerodynamic speed 
VTAS, which itself is inclined from the climb gradient 
va with respect to the line of horizon 10. In that case, 
the VSOL speed of the aircraft 2 with respect to ground 
G is merged with the aerodynamic speed VTAS. 
When aircraft 2 receives a vertical wind and a hori 

zontal wind, for example because it is located in the 
mini-tornado 1, these vertical and horizontal winds, or 
components WX and WY, occur and must be composed 
with VTAS and VSOL. Since the con?guration of the 
aircraft 2 is not modi?ed, the trim 0 remains constant, 
whilst the speed VSOL and its gradient vSOL with 
respect to the line of horizon 10 are unchanged. This 
results in that the aerodynamic incidence a and the 
climb gradient va vary and that the aerodynamic speed 
VTAS is no longer merged with VSOL. 

If, as shown in FIG. 3b, the component WX behaves 
as a head wind, the aerodynamic incidence a becomes 
less than in the case of FIG. 3a. In addition, this FIG. 3b 
shows that, if WX increases in amplitude, the aerody 
namic incidence or decreases, and vice versa. 

Consequently, in zone (I) of FIG. 2b, when WX de 
velops in the increasing part K1 of curve (K) with a 
positive derivative dWX/dt, the result is a negative 
variation Ad. of the incidence a. (carrier effect). On the 
other hand, in zone (II) of FIG. 2b, when WX follows 
the decreasing curve part K2 with a negative derivative 
dWX/dt, there follows a positive variation Act of the 
incidence a. (off-setting effect). 

Similarly to what precedes, if the speeds VSOL, WX, 
WZ and VTAS are composed in the case of X behaving 
as a tail wind (cf. FIG. 3c), it is ascertained that, if WX 
increases in amplitude, the aerodynamic incidence or 
increases and vice versa. 

Consequently, in zone (11) of FIG. 2b, when WX 
follows the decreasing curve part K3 with a negative 
derivative dWX/dt, the result is a positive variation Aa. 
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of the incidence a (off-setting effect). On the other 
hand, when WX follows the increasing part K4 of the 
curve (K), the derivative dWX/dt is positive and the 
variation Act of the incidence a is negative (carrier 
effect). 

Thus, in all cases, it is observed that, when dWX/dt 
is positive, Ad is negative, and vice versa. 
From the foregoing, and in particular from the com 

parison of FIGS. 3a, 3b and 3c, it follows that the en 
counter of the aircraft 2 with a mini-tornado 1 ?rstly 
brings about a decrease in the aerodynamic incidence a 
of said aircraft, followed by a considerable increase of 
said incidence. 
Moreover, these FIGS. 30 to 30 show that WX is 

equal to the difference between the projections on the 
horizontal axis (or line of horizon 10) of the aerody 
namic speed VTAS and of the speed VSOL with re 
spect to the ground and that, similarly, W2 is equal to 
the difference between the projections on the vertical 
axis OZ of the speed VSOL and of the aerodynamic 
speed VTAS. VXSOL and VZSOL respectively desig 
nate the projections of VSOL on axis OX and on axis 
OZ. 
The system according to the invention, shown sche 

matically in FIG. 4, comprises a computer device 11 
capable of determining, at each instant, the speeds of the 
horizontal wind and of the vertical wind received by 
the aircraft 2, and therefore the components WX and 
WZ when the latter encounters the tornado 1. To that 
end, the computer device 11 receives, for example: 

the aerodynamic speed VTAS coming from the ane 
mometric system 12 provided on board the aircraft 
2; 

the VXSOL and VZSOL components (the latter 
component being the vertical baro-inertial speed) 

‘ of the speed VSOL of the aircraft 2 with respect to 
the ground, delivered by the inertial system 13 on 
board; 

the climb gradient va, furnished by a subtractor 14, 
receiving, on the one hand, the trim 0 delivered by 
the inertial system 13 and, on the other hand, the 
aerodynamic incidence a delivered by the inci 
dence sensors 15, mounted on board said aircraft 2. 
The subtractor 14 effects the operation va=0-a. 

Referring to the diagrams of FIGS. 3b and 3c, it is 
seen that the computer device 11 easily determines the 
components WX and WZ from the data VTAS, 
VXSOL, VZSOL and va which are addressed thereto 
in the manner mentioned hereinabove. The device 11 
delivers the components WX and W2, respectively at 
its outputs 16 and 17. 
The output 16 ofthe computer device 11 at which the 

horizontal component WX appears, is connected, via a 
controlled switch 18, to a terminal 19. This switch 18 is 
controlled by a logic device 20 so as to be open if the 
speed of the aircraft 2 is less than a low speed threshold, 
for example of 180 km/hr (i.e. if the aircraft 2 is taxiing 
on the ground) or if the altitude of the aircraft 2 is 
greater than an altitude threshold (for example of the 
order of 400 m) signi?cant of the fact that the aircraft is 
not in a phase of landing or of take-off. On the other 
hand, the switch 18 is maintained closed by the logic 
device 20 when these two conditions are not complied 
with, i.e. when the aircraft is near the ground, but has 
not yet touched or left it. In order to be able to operate, 
the logic device 20 receives, via a link 21, altitude infor 
mation coming from the anemometric device 12. 

45 
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Downstream of the terminal 19, the component WX 

is applied to the input of a derivative circuit 23, capable 
of furnishing at its output the derivative dWX/dt of said 
component WX with respect to time t. This derivative 
is then ?ltered by a ?lter 24 and shaped by a device 25. 
At the output 26 of the shaping device 25, the deriva 

tive dWX/dt is, if it is negative, ampli?ed by an ampli 
?er 27, then addressed to a limiter 28, which limits the _ 
extreme values thereof, and ?nally to one of the inputs 
of an adder 29. 
On the other hand, if, at the output 26 of the shaping 

device 25, the derivative dWX/dt is positive, it is ampli 
?ed by an ampli?er 30, limited in its extreme values by 
a limiter 31 and ?ltered by a ?lter 32, before being ad 
dressed to the positive input of a subtractor 33. The time 
constant of the ?lter 32, for example of the order of 13 
s, is chosen to be sufficiently long for the ?ltering ob 
tained to constitute amemorization of several seconds 
of the value dWX/dt. 

Furthermore, the terminal 19 is connected to an am 
pli?er 34 charged with amplifying the component WX, 
which is then ?ltered by ?lter 35, then limited in its 
extreme values by the limiter 36. The value of the time 
constant of the ?lter 35, for example of the order of 30 
s, is chosen to be suf?ciently long for the ?ltering ob 
tained to constitute a memorization of several tens of 
seconds of WX. WX is then addressed by the limiter 36 
to the negative input of the subtractor 33. A limiter 37, 
allowing only the positive balances of the subtractions 
effected by the subtractor 33 to pass, addresses this 
positive balance to another positive input of the adder 
29. The output of the latter is joined to a positive input 
of another adder 38. 
Moreover, the output 17 of the computer device 11, 

at which the vertical component WZ appears, is joined, 
via a controlled switch 39, a ?lter 40, a shaping device 
41, an ampli?er 42 and a limiter 43, to another positive 
input of the adder 38, which can thus receive said ?l 
tered, shaped, ampli?ed and limited, vertical compo 
nent WZ. The switch 39 is controlled by a logic device 
44, so as to be open if the‘ landing gear of the aircraft 2 
is loaded (i.e. if the aircraft is in contact with the 
ground) or if the altitude of the aircraft 2 is greater than 
an altitude threshold (for example of the order of 400 m) 
signi?cant of the fact that the aircraft 2 is not in a phase 
of take-off or of landing. Consequently, the logic device 
44 receives, via a link 45, pressure information delivered 
by sensors (not shown) mounted on the landing gear of 
the aircraft 2 and, by a link 46 (similar to link 22 of the 
logic device 20), altitude information coming from the 
anemometric device 12. 
The signal appearing at the output of the adder 38 is 

ampli?ed by an ampli?er 47, then addressed to one 
positive input of an adder 48 of which another positive 
input receives, furthermore, after ?ltering by a ?lter 49, 
the incidence value measured by the incidence sensors 
15. Moreover, in a comparator 50, the output signal of 
the adder 38 is compared with the incidence signal 
issuing from the ?lter 49 and ampli?ed by an ampli?er 
51. 
The signal appearing at the output 52 of the adder 48, 

and possibly the one appearing at the output 53 of the 
comparator 50, are addressed to an alarm signal pro 
cessing device 54 capable of delivering an alarm signal 
at its output 55. The device 54 receives, in addition, at 
an input 56, information concerning the state of the 
edges and ?aps of the wings of the aircraft 2, and com 
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ing either from sensors or from an on-board computer 
(not shown). 
The operation of the system of FIG. 4 will now be 

explained with the aid of the comments made herein 
above with regard to FIGS. 2a, 2b, 2c and 3a, 3b, 3c. 
FIG. 5, with regard to FIGS. 2a, 2b and 20, illustrates 
the operation of said system of FIG. 4. 
When the aircraft 2 penetrates the mini-tornado 1 

(instant t1), it begins by encountering a carrier compo 
nent WX (part K1 of curve (K)) with a positive deriva 
tive dWX/dt which will last during the passage of re 
gion (I) and which behaves as a carrier incidence gradi 
ent. Consequently, the circuit branch 24, 25, 26, 30, 31 
and 32 applies to the positive input of the subtractor 33 
the signal a illustrated in FIG. 5. From this signal a is 
subtracted, by the subtractor 33, the component WX 
memorized by the ?lter 35 and represented by the signal 
b of FIG. 5. Consequently, at the output of the sub 
tractor 33, and therefore at the corresponding input of 
the adder 29, the signal a—b appears. When, later, (in 
stant t6), the component WZ appears which increases 
along L1, the circuit 40-43 applies to the corresponding 
positive input of the adder 38 a signal c. Furthermore, at 
instant t2, the derivative dWX/dt becomes negative and 
the branch 27-28 delivers at the corresponding input of 
the adder 29 a signal d. 

Consequently, at the output of adder 38, there ap 
pears an incidence compensation signal aw which is 
composed (cf. FIG. 5): 

of signal a-b between instants t1 and t6; 
of signal a—b+c between instants t6 and t2; and 
of signal a—b+c+d after instant t2. 
The incidence compensation signal aw is ampli?ed 

by ampli?er 47. The gain K of said ampli?er 47 is ad 
vantageously a function of the altitude of the aircraft 2 
in- order not to trigger off an untimely alarm when the 
aircraft is located at an altitude at which it does not risk 
pancaking on the ground by the mini-tornado 1. FIG. 6 
shows an example of variation of the gain of said ampli 
?er 47: this gain is constant and for example equal to 1', 
between 0 and 300 in altitude and varies linearly from 1 
to 0 between 300 m and 400 m altitude, and vice versa. 
To that end, the ampli?er 47 is of the variable gain type 
and this gain is controlled by the anemometric device 
12. 
FIG. 7 shows an embodiment of the signal processing 

device 54. In this example, the difference between the 
incidence information a. and the incidence compensa 
tion signal aw given by the comparator 50 is not taken 
into consideration. 
The device 54 of FIG. 7 comprises a controlled 

switch 57 and a controlled switch 58, mounted in series 
and connected to the input 52 on which signal a+aw 
appears. The switch 57 is controlled by the input 56 so 
as to be open, when all the edges and flaps are retracted 
(smooth con?guration of cruise ?ight) and to be closed 
when the ?aps and edges are extended, with a view to 
take-off or landing. Furthermore, the switch 58 is con 
trolled by the input 56 so as to ensure connection be 
tween input 52 and either one of the inputs of a compar 
ator 59, when the con?guration of the edges and ?aps 
corresponds to a landing of the aircraft 2, or one of the 
inputs of a comparator 60, when the con?guration of 
the edges and ?aps corresponds to take-off of the air 
craft 2. The other inputs of the comparators 59 and 60 
respectively receive a threshold as! or (182, corre 
sponding respectively to a, predetermined stalling inci 
dence in the event of a mini-tornado, respectively dur 
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10 
ing landing and during take-off. The outputs of the 
comparators 59 and 60 are connected to the output 55. 
FIG. 8 shows the well known curve giving, for a 

determined con?guration of a determined aircraft, the 
coef?cient of lift Cz as a function of the incidence a. In 
known manner, this curve makes it possible to deter— 
mine the incidence aS at which the aircraft 2 stalls, this 
stalling incidence aS corresponding to a stalling speed 
VS. 

In order to determine the thresholds a8! and (:52 
applied to the comparators 59 and 60, one begins by 
?xing, as a function of the stalling speed VS, a limiting 
speed VL, for example equal to 1.1 VS or 1.2 VS, be 
neath which there is a risk of stalling in landing or take 
off con?guration respectively, and, with the aid of the 
curve of FIG. 8, the respective incidence thresholds 
c181 and 0:82 to be applied to comparators 59 and 60 are 
determined. 

In this way, as a function of the landing or take-off 
con?guration, the signal a+aw is compared with the 
threshold (:51 or with threshold 0.82. The signal ap= 
pearing at the output 55 is representative of the result of 
this comparison and, as soon as the signal a+aw be 
comes equal to (151, or (182 respectively, it constitutes 
the alarm signal indicating that the mini-tornado is en 
dangering the stability of the aircraft 2. 
What is claimed is: 
1. System for elaborating on board an aircraft alarm 

signal in the event of a mini-tornado, comprising a com 
puter device (11) which obtains signals representative 
of the velocities of the horizontal wind and of the verti 
cal wind, to which said aircraft is subjected, from infor 
mation on velocities, trim and incidence delivered by 
the on-board anemometric system (12), inertial system 
(13) and aerodynamic incidence sensors (15), respec 
tively, of said aircraft, characterized in that is com 
prises: 

derivation means (23, 24, 25) for calculating the de 
rivative of the signal representative of said velocity 
of the horizontal wind with respect to time; 

?rst means (30, 31, 32) for forming a ?rst signal repre 
sentative of the positive values of said derivative; 

second means (27, 28) for forming a second signal 
representative of the negative values of said deriva 
tive; 

?rst summation means (29, 33, 38) delivering a third 
signal obtained by the addition of said signal repre 
sentative of said velocity of the vertical wind and 
said ?rst and second signals and by the subtraction 
of a signal representative of the mean velocity of 
the horizontal wind during a period prior to that of 
the operations effected by said system; 

second summation means (48) for forming the sum of 
said incidence information and of said third signal; 

means for comparing said sum and a predetermined 
threshold of incidence guaranteeing a minimum 
safety energy of the aircraft; and 

alarm means capable of emitting an alarm signal when 
said sum is greater than said predetermined thresh 
old of incidence. 

2. System according to claim 1, characterized in that 
it comprises means (34, 35, 36) to deliver to said ?rst 
summation means (29, 33, 38) the mean value over sev 
eral tens of seconds of said horizontal wind speed. 

3. System according to claim 2, characterized in that 
it comprises limitation means (37) making it possible to 
subtract from said third signal, said mean value of the 
horizontal wind speed, only when the absolute value 
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thereof is less than the mean value of the positive values 
of said derivative. 

4. System according to claim 1, characterized in that 
said ?rst signal delivered by said ?rst means corre 
sponds to the mean value over several seconds of the 
positive values of said derivative, said mean value being 
established with a time constant less than that of said 
several seconds. 

5. System according to claim 1, characterized in that 
it comprises, between said computer device (11), .on the 
one hand, and said derivation means, said ?rst and sec— 
ond means and said ?rst summation means, on the other 
hand, controlled switch means open when said aircraft 
is not in take-off or landing phase. 

6. System according to claim 1, characterized in that 
an ampli?er, whose gain is variable as a function of the 
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12 
altitude of the aircraft (2), is disposed between said ?rst 
and second summation means. 

7. System according to one of claims 1 or 6, charac 
terized in that it comprises means for comparing said 
incidence information and said third signal. 

8. System according to claim 1, characterized in that 
said predetermined incidence threshold corresponds to 
a speed of the aircraft higher by at least 10% than the 
stalling speed of the aircraft° 

9. System according to one of claims 1 or 8, charac 
terized in that the value of said predetermined incidence 
threshold depends on the con?guration of the mobile 
aerodynamic surfaces of the aircraft. 

10. System according to claim 9, characterized in that 
the value of said predetermined incidence threshold is 
chosen to be greater for landing than for take-off. 
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